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Topographic Visualization of Prefix Propagation in the Internet

Pier Francesco Cortese, Giuseppe Di Battista, Antonello Moneta,Maurizio Patrignani, and Maurizio Pizzonia

Abstract— We propose a new metaphor for the visualization of prefixes propagation in the Internet. Such a metaphor is based on the
concept of topographic map and allows to put in evidence the relative importance of the Internet Service Providers (ISPs) involved
in the routing of the prefix. Based on the new metaphor we propose an algorithm for computing layouts and experiment with such
algorithm on a test suite taken from the real Internet. The paper extends the visualization approach of the BGPlay service, which is
an Internet routing monitoring tool widely used by ISP operators.

Index Terms—Interdomain Routing, Internet Visualization, Graph Drawing, Spring Embedder
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1 Introduction

The Internet can be visualized at different abstraction levels for dif-
ferent purposes. For example, if one is interested in all the technical
features of the network, then the Internet can be visualized with an
high level of detail, showing the local area networks, the routers, and
the point-to-point links. On the other extreme, if one is interested only
in the relationships between Internet Service Providers (ISPs), then
the Internet can be visualized at the Autonomous Systems (AS) level,
where an AS is a collection of networks under the same administra-
tive authority. At such a level, the Internet is currently partitioned into
more than 20,000 ASes. An on-line survey about the visualization of
the Internet can be found in [1].

Many research efforts have been done for visualizing the Internet
at the AS level. Some systems aim at visualizing the entire Internet
structure (see, e.g., [24, 7, 17, 2, 3]), while others visualize a small
portion of it with different specific purposes. For example [14] de-
scribes a system that visualizes the relationships between ASes that
are stored into an Internet Registry. The BGPlay system [16] displays
the evolution over time of the routing paths traversed by the traffic to
a selected AS. BGPlay is a quite popular tool between ISPs operators
and has been adopted by international organizations that publish real
time collected data about inter-AS routing [5, 6]. A project that has a
similar goal is presented in [25].

However, the research on the visualization of the Internet has to face
new interesting challenges. In fact, recent studies [23, 10] have shown
that the ISPs (and then the ASes) of the Internet are self-organized into
a customer-provider hierarchy (in the following Internet Hierarchy).
In this hierarchy, customers buy from their providers a transit service
for their traffic to and from the Internet. In [30] each ISP is assigned
to a level, according to its rank in the Internet Hierarchy. At this point,
the problem of visually representing the Internet Hierarchy naturally
arises.

An amazing number of methods have been devised to visually rep-
resent hierarchies in a variety of application domains (see, to give a
few examples, [9, 37, 12, 13]) many of which are targeted to show
very large hierarchies.

In this paper we address the problem of the simultaneous visualiza-
tion of the Internet Hierarchy and of other Internet features that are
interesting from some applicative perspective. More specifically, we
extend the visualization paradigm that has been successfully adopted
in BGPlay [16] enriching it with support for the Internet Hierarchy vi-
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sualization. Fig. 1 shows a screenshot of the BGPlay system. The red
vertex (AS137), indicated by an arrow, is the AS we are focusing on.
The picture represents paths to reach AS137 from several other ASes
at a certain time. For example, the path AS16150, AS6939, AS6762,
AS137 is shown to be used for traffic incoming AS137 from AS16150.
No information is available in this visualization about the relevance of
ASes and their economic relationships.

Fig. 1. A screenshot of the BGPlay system showing the same AS-graph
shown in Fig. 2(a).

Fig. 2(a) shows a screenshot of BGPlay enhanced with the visual-
ization system presented in this paper. To visualize the Internet Hierar-
chy we use the metaphor of a topographic map. The contour lines are
used to confine ASes that are at the same level of the hierarchy. For
example, the ASes inside the central brown area are top level ASes.
As the “hill” decreases in height the ASes decrease their rank in the
hierarchy. The map shows quite well that some of the traffic flows
have to climb the entire hierarchy to reach AS137, while other flows
take “shortcuts”. For example, the path AS16150, AS6939, AS6762,
AS137 does not pass through the Internet backbone since AS6939 and
AS6762 exchange traffic at a lower level. Such kind of paths are usu-
ally more efficient and less expensive than paths that pass through the
Internet backbone. An example of a real topographic map is show in
Fig. 2(b); more detail about topographic maps can be found in [8].

Observe that drawing a network within the above described
metaphor can be interpreted as a special case of a clustered graph
drawing problem (first introduced in [20]), where the hierarchy de-
scribes a simple structure of clusters. Several authors dealt with the
problem of representing a clustered graph using a spring embedder ap-
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(a)

(b)

(c)

Fig. 2. (a) A screenshot of the BGPlay system enhanced by the topographic map approach described in this paper. The AS that originates the
prefix is 137, highlighted in red an indicated by an arrow. Our approach clearly shows the importance of the ASes traversed by paths ending into
137. (b), (c) An example of a real topographic map (courtesy of the U.S. GS).

proach. Eades and Huang [19] proposed a system for the visualization
of huge graphs, by first performing a clustering and then visualizing
a portion of the graph by applying a force-directed approach. Wal-
shaw [36] introduced an heuristic method for drawing large graphs
which uses a multilevel technique combined with a force directed
placement algorithm. Frishman and Tal [21] proposed an algorithm
for dynamic drawings of clustered graphs.

In this paper we present the following results.

• We propose (Section 3) a new metaphor for showing the Internet
Hierarchy, the interconnections among the ASes and the routing
at the AS level from specific observation points. The metaphor
is specifically tailored to be used within the BGPlay service.

• We show a visualization algorithm that computes topographic
maps of the observed portion of the Internet Hierarchy (Sec-
tion 4).

• We describe an implementation of the algorithm into the BGPlay
system and analyze its effectiveness with a wide experimental
analysis (Section 5).

The paper contains also background terminology (Section 2) and
concluding remarks (Section 6).

2 Background

We provide some networking background and a brief description of
the BGPlay routing visualization system.

2.1 Networking

In the Internet each host is identified by an IP address. An IP prefix
identifies a set of (contiguous) IP addresses having the same leftmost
n bits, (e.g. 193.204.0.0/15 indicates a prefix 15 bits long) [34]. Sim-
ilarly to telephone call routing, inter-domain routing in the Internet is

based on the destination prefix. Since a prefix identifies a set of ad-
dresses, it implicitly identifies a set of hosts having such addresses.

An Autonomous System (AS) is a portion of the Internet under a sin-
gle administrative authority. An Internet Service Provider (ISP) typ-
ically runs one or more ASes. Each AS is identified by an integer
number. Traffic starting from an AS and directed to a specific pre-
fix traverses a sequence of ASes called AS-path. The configuration
of such paths on the routing devices is too complicated to be manu-
ally performed. Hence, ASes exchange routing information with other
ASes by means of a routing protocol called Border Gateway Protocol
(BGP) [29]. BGP is based on a distributed architecture where bor-
der routers that belong to distinct ASes exchange the information they
know about the reachability of prefixes. Two border routers that di-
rectly exchange information are said to have a a peering session be-
tween them, and the ASes they belong to are adjacent.

The AS-graph is the graph having one vertex for each AS and one
edge between each pair of adjacent ASes. Note that the AS-graph is
not a multi-graph.

Each router stores information about routing in its Routing Infor-
mation Base (RIB). The RIB is a table where each row is a pair
〈prefix,AS-path〉 meaning that a certain prefix is reachable through
the associated AS-path. Such pairs are called routes. The main pur-
pose of BGP is to allow the routers to exchange the routes they know.
Since RIBs may be huge, the BGP process running on a router sends
to its peers the full RIB only when a peering session is set up. During
regular operation only changes to the RIB, called updates, are sent.

Routes related to a certain prefix begin their existence within an AS
called the originator of the prefix (typically the AS to which the prefix
belongs). These routes are propagated by means of updates to adjacent
ASes, which in turn propagate it to adjacent ASes, etc. Every time a
router propagates an update, it prepends its AS identifier to the AS-
path; thus, the AS-path of an update is the list of ASes that the update
has passed through.
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2.2 The Internet Hierarchy

ASes cooperate in order to ensure good connectivity service to their
customers but are competitors from a commercial point of view. Com-
mercial relationships among ISPs directly influence how BGP routers
are configured. Router configurations affect, in turn, the AS-paths that
can be announced in the Internet. A valid AS-path is usually made
of three consecutive parts [30]: (i) it first traverses the Internet walk-
ing on the edges of the AS-graph in the direction from customers to
providers, (ii) it optionally traverses one peer-to-peer relationship be-
tween two ASes of the same relevance, and (iii) it traverses the Internet
walking on the edges of the AS-graph in the direction from providers
to customers till the destination is reached.

In an ideal world, tier 1 ASes do not have any provider and are
involved in peer-to-peer relationships with all the other tier 1 ASes;
further, tier-i ASes are customers of ASes of tiers greater than i, are
involved in peer-to-peer relationships with other tier-i ASes, and are
providers of ASes of tiers less than i. From BGP routing tables it is
possible to infer, with a few errors, the tier of the each AS [30].

2.3 The BGPlay Internet Visualization Service

BGPlay is a service that displays the portion of the AS graph that de-
scribes how the traffic flows to a certain AS from a set of selected
ASes. It obtains routing data from well-known and publicly available
sources, namely the Routing Information Service (RIPE NCC) [5] and
the Route Views project (University of Oregon) [6] whose archives are
used for network debugging purposes or scientific investigation and
are updated in real-time.

To query BGPlay, the user connects to a Web page, which hosts
BGPlay, and starts the BGPlay applet which presents a query window
asking for a prefix and a time interval. When the user submits the
query, BGPlay processes the request and displays the animation win-
dow (Fig. 1), which presents the routing information.

The main part of the window shows an AS-graph and the routing
at a certain instant of time for the prefix specified by the user. Each
number represents an AS, and the AS originating the prefix is placed
in the center of the graph and highlighted by a red circle. Each solid
or dashed line represents a segment of an AS-path seen by RIS or Ore-
gon Route Views. An AS-path starts in the originating AS and stops
in an AS which provides BGP routing data to RIS or Oregon Route
Views. The AS-paths that do not change during the query interval are
merged into trees rooted at the origin AS and drawn dashed. Each tree
is drawn in different color so that it can be unambiguously identified.
AS-paths that change during the query interval are drawn solid and are
not merged.

BGPlay can animate the evolution of the routing over time. A panel,
on the left of the window, shows the density of routing events over the
interval of time of the query and highlights the instant of time whose
routing is currently shown in the main part of the window.

3 Choosing the Visualization Metaphor

When we had to select a visualization metaphor for showing at the
same time both the AS-paths of the BGP routing and the levels of the
ASes hierarchy, we considered several possible options and focused
on three main choices.

1. The classical approach of Sugiyama et al. [33] visualizes a hier-
archy by assigning the y-coordinate of each vertex (AS) accord-
ing to its rank. In this way, top (bottom) level vertices appear in
the upper (lower) part of the drawing.

2. Another typically adopted strategy for visualizing a hierar-
chy [15] was to represent ASes with a size and/or color propor-
tional to their rank in the hierarchy.

3. A further possibility was to extend the visualization approach
already used for BGPlay [16] by placing the ASes within a “to-
pographic map” where each AS falls into the region assigned to
its level.

Fig. 3. An handmade layered drawing showing the drawbacks of this
kind of representation. Observe how paths zigzag while climbing and
descending the hierarchy. Also, ASes that are very far in the network
may be represented by nodes which are very near in the drawing (as the
black and the gray nodes).

We deliberately ruled out three-dimensional representations, since,
apart from the fascination of such a scenario, effectively browsing a
three-dimensional environment involves the use of sophisticated inter-
faces, while network operators and researchers appear to be reluctant
to adopt particularly complex software architectures and tools.

Before discarding options 1 and 2 we performed several experi-
ments against typical routing scenarios obtained by querying the Rout-
ing Information Service of the RIPE NCC and equipping this informa-
tion with the Internet hierarchy computed with the algorithm of [30].
The purpose of the experiments was to compare the readability of the
three graphic metaphors above from an information visualization per-
spective. To this aim we drew several diagrams according to the three
strategies.

From our experiments we could observe the following pros and
cons for the three metaphors

The traditional hierarchical representation through layered
drawings, although very effective in conveying the hierarchy infor-
mation associated with the ASes, turned out to be unsatisfactory for
our application. In layered drawings, in fact, the x-coordinates of the
nodes are generally chosen in order to reduce edge crossings. It is of-
ten the case that a climbing path zigzags horizontally the diagram (see
Fig. 3), reducing its readability. Also, two nodes which are one near
the other on the same level (see the black and the gray nodes of Fig. 3)
may represent ASes that are actually very distant in the network. On
the other hand, the number of edge crossings jumps up when the x-
coordinates of the nodes are somehow constrained. Finally, many of
the algorithms used for producing hierarchical representations do not
allow links between nodes of the same layer, which are very common
in practice. Some examples of layered drawings with intra-rank edges
can be found in [28, 35].

Using size and color to suggest the rank of the AS in the hierarchy
has the advantage of being a very simple strategy, easy to implement
and to plug into existing visualization systems, but, on the other hand
has the major disadvantage of depriving the user of an overall view on
the ASes of the same level. ASes are scattered in the drawing, and
there is no clue of how many levels of the hierarchy are involved and
how many links span more than one level.

The “topographic map” strategy produced the most clear and in-
tuitive drawings. In such metaphor, ASes of the same rank are drawn
inside the same region and regions corresponding to a higher level are
contained inside the regions corresponding to the lower ones. Further,
this metaphor is consistent with well-known drawing conventions in
the area of inter-domain routing where the AS-paths are merged into a
graph, which is colored in such a way to make it possible to uniquely
reconstruct the path from each AS to the AS advertising the prefix.

More in detail, in our approach, the tiers of the ASes play the role
of the elevation. We can imagine the drawing as a topographic map
in which ASes of tier 1, the top level, are drawn in the middle, re-
sembling the peak of a mountain, and ASes of lower levels are drawn
progressively farther, as if they were on the downhill of the mountain.
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More formally, each tier i is associated with a connected region of
the plane that we denote Ai with i = 1 . . .T , where T is the number of
tiers. Region Ai, with i = 2, . . . ,T , has a hole which contains region
Ai−1. All and only ASes of tier i are contained into region Ai. The
shape of the regions is a critical issue, since it constrains the layout of
the ASes and hence may reduce the effectiveness of a layout algorithm
in obtaining drawings with small edge length, even ASes distribution,
and small number of crossings. In an ideal topographic map the
regions have not necessarily a regular shape, but smoothly surround
the ASes that they contain. Region shapes and ASes positions are
strictly related, since in order to be enclosed into a region the ASes of
the same tier should be near one to the other.

We call edge region crossings of a map the number of edges that
cross the border of the same region more than once. Consider that
when an edge connects two nodes in different regions a crossing be-
tween such edge and a region border occurs. On the other hand, each
edge should cross the border of a region at most once. For readability
reasons, we prefer topographic maps with no edge region crossing.

The algorithm described in Section 4 produces such drawings which
look very much like a topographic map with a superimposed AS-
graph.

Concerning the representation of the AS-paths and of the way they
change over time, we adopt the same drawing standard adopted by
BGPlay and described in Section 2.3. An example of the final result is
shown in Fig. 2.

4 Layout Algorithm

In this section we describe the layout algorithm for producing draw-
ings according to the visualization metaphor described in Section 3.

We adopt a force directed approach, also called spring embedder,
which computes the final layout of the input graph as the equilib-
rium configuration of a simulated physical system where the nodes
are represented by mutually repulsing electric charges and the edges
by springs with a given stiffness and a natural length [22, 18]. Several
factors encourage such a choice: (i) Since its physical system can be
enriched with additional forces, a spring embedder is easily tailorable
to account for additional constraints on the drawings [31, 32, 18]. (ii)
Spring embedders have already been used to produce drawings of clus-
tered graphs in which the nodes of each cluster are constrained to stay
inside the same region of the plane [19]. (iii) The original BGPlay
interface obtains pleasant and effective results with a spring embedder
algorithm.

Our visualization metaphor is quite different from the drawing con-
ventions for which spring embedders are usually applied. In fact, our
regions are all contained one inside the other and their boundaries have
not a fixed shape. Therefore, we devised a new model whose main in-
gredients are the following.

• In order to enclose one region into the other, and force the ASes
to belong to their assigned region, we introduce one border re-
gion Bi at a time, starting from the inner region B1 and ending
with BT−1, where T is the number of tiers (ASes of tier T have
no boundary). When a border is introduced, additional forces are
added to the physical model to ensure that the ASes are enclosed
into the border of their region. In this phase the region borders
are constrained to be circular. The incremental introduction of
the borders will make edge region crossings unlikely to occur.

• In order to allow borders Bi to change their shape and adapt to the
position of the ASes (as required by the topographic metaphor
described in Section 3), we represent each border with a chain
of very close special nodes, called border nodes. When all re-
gion borders are introduced, these border nodes are allowed to
move. Also, by suitably removing or adding border nodes to
the chains, we control their density, since a loose chain of bor-
der nodes would easily be traversed by an AS, while a too dense
chain would wind on itself.

A detailed description of our layout algorithm follows. The input
of the algorithm is the AS-graph where each AS is labeled with a tier

number in {1, . . . ,T}. The output of the algorithm is a layout of the
AS-graph and the borders that separates areas A1, . . . ,AT where each
area contains all ASes associated with its tier as stated in Section 3.

The layout algorithm is composed of two phases.

Phase 1. A set of T −1 concentric circular borders B1, . . . ,BT−1

are identified on the plane, with radius r1 < r2 < .. . < rT−1. We de-
note by A1 the area enclosed by B1 and by Ai, with i = 2, . . . ,T −1, the
area enclosed by Bi and outside Bi−1. The purpose of this phase is to
ensure that, for each tier i, all ASes belonging to tier i are placed inside
area Ai. This is obtained by means of an incremental layout strategy
that starts from ASes of Tier 1 (see Fig. 4).

Consider, for each boundary Bi of radius ri, circles B−
i and B+

i with

radius r−i = ri−ε and r+

i = ri +ε respectively, where ε is a very small
number with respect to the radius of Bi.

1. ASes of Tier 1 are confined inside B−
1 by a force f−1 that attracts

these ASes toward the center of the drawing and that is null out-
side B−

1 . All other ASes are kept outside B+

1 by a force f +

1 that
repulses these ASes from the center of the drawing and that is
null inside B+

1 . With these additional forces the spring embedder
is run until an equilibrium is reached.

2. The space between B−
1 and B+

1 is used to place a chain of border
nodes called fence. Border nodes cannot move in this phase but
they repel ASes and curb them inside their region. With B1 rep-
resented by border nodes the spring embedder is run until equi-
librium is reached. See Fig. 4(a).

3. Operations of steps 1 and 2 are iteratively applied for Tiers
2, . . . ,T −1. That is, for each Tier i, the spring embedder is run
with new forces, f−i and f +

i , to contain inside B−
i vertices of tiers

less than or equal to i and outside B+

i vertices of tiers greater than
i. A new fence is added and a new spring embedder run is per-
formed. Throughout the computation, the forces introduced in
the previous steps are not dropped, but remain to enforce proper
confinement of each AS within its area. See Figs. 4(b)-(c).

Phase 2. Forces f−i and f +

i , for i = 1, . . . ,T − 1, are removed,
and the border nodes are left free to move until equilibrium is reached.
In order to keep the border density within a safe range, edges of the
fences that are longer than a certain threshold are split and edges that
are shorter than a certain threshold are contracted. Also, the force ex-
erted on a border node is multiplied by a mobility factor that allows to
fine-tune the rigidity of the fences. An example of the result of Phase
2 is shown in Fig. 4(d), while the corresponding picture presented to
the user is shown in Fig. 2(a).

The algorithm described above has been prototypically imple-
mented in the BGPlay system. No change has been made to the BG-
Play architecture described in [16]. The information about levels of the
ASes is computed with the techniques shown in [30]. Our experiments
have been performed on a PC with an AMD AthlonXP 2600 proces-
sor – 2.133 GHz and with 0.5 GB of RAM. For our test suite running
times range from 7 to 62 seconds with an average 27.83 seconds.

5 Experimental Evaluation

In order to experimentally evaluate the effectiveness of the proposed
algorithm we need to consider both traditional graph drawing aesthetic
criteria and aesthetic criteria suitable for the specific application and
the adopted visualization metaphor.

Concerning the first ones, in the graph drawing and visualization
literature several measures have been proposed to evaluate the aes-
thetic quality of the straight-line drawings obtained with force directed
methods (see, e.g., [11]). We decided to adopt the following measures.
Normalized number of edge crossings (EEX), i.e. the ratio between
the number of edge crossings and the total number of edges, which is
generally considered the most prominent readability measure [26, 27].
Normalized edge-length standard deviation, i.e., the ratio between
the standard deviation and the average length of the edges (ELSD).
In fact, a readable drawing should have an homogeneous length for its
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(a) (b)

(c) (d)

Fig. 4. Example of application of the algorithm. (a) Phase 1, the addition of the first fence. (b) Phase 1, the addition of the second fence. (c)
Phase 1, the addition of the fourth fence. (d) Final layout after Phase 2. The actual picture shown to the user is presented in Fig. 2(a).

edges. Node distance ratio (NDR), i.e., the ratio between the distance
of the nearest pair of nodes and that of the farthest one. This measures
the “resolution rule” of the drawing [18].

Concerning aesthetic criteria that are specific for the application,
we selected the following ones. Edge region crossings (ERX), i.e.,
the number of edges that cross the border of the same region more
than once. Coastline indention vector (CIV), that is an index CIi for
each region i measuring how smooth is the border of that region. In
fact, we noticed that “nice looking” regions have borders which are

not too much indented. We define CIi =
bi

2
√

πai
, where bi and ai are

the outer perimeter of border Bi, and the area enclosed by it, respec-
tively. Observe that, CIi ≥ 1, where CIi = 1 if Bi is drawn as a cir-
cle. Also, it would be reasonable to have a coastline indention that
slightly increases with i, thus having CIi ≤ CIi+1. Density variation
vector (DVV), that measures how the density changes from region to
region. The density variation between subsequent areas is defined as

DVi =
Di−Di+1

Di
, where Di is the number of nodes in region i divided

by Ai. Essentially, we would like to have drawings that show a small
change of their density when moving from a region to an adjacent one.

The number of prefixes currently announced in the Internet is about
200,000 originated by about 20,000 ASes. To perform our experiments
we selected a test suite of 141 prefixes in the following way. We se-
lected all the Tier 1 ASes (which are 21). Then, we randomly selected
30 ASes in each tier. For each selected AS we randomly picked up a
prefix. For each prefix we applied the algorithm described in Section 4
with four different choices of the rigidity of the fences. We shall re-
fer to such different versions of the algorithm with CIRCLES, RIGID

FENCES, SOFT FENCES, and LOOSE FENCES. CIRCLES corresponds

to having fixed fences, with the shape of circles, which is equivalent to
set the mobility factor to zero (see Section 4). It constitutes a reference
point for the quality of the drawings. SOFT FENCES corresponds to
the choice we have done in the current version of the system. LOOSE

FENCES have the mobility factor equal to 4/3 the mobility factor used
by SOFT FENCES. Finally, RIGID FENCES corresponds to an interme-
diate choice between CIRCLES and SOFT FENCES and has a mobility
factor equal to 1/3 of SOFT FENCES.

All drawings computed with all four versions of the algorithm have
ERX=0.

Fig. 5 shows the density of the values of EEX measured in our ex-
periments. Namely, the x-axis reports the values of EEX while the y-
axis reports the number of drawings having that value of EEX. Since
EEX is a continuous variable, we grouped its values in 15 intervals.
For example, the y-value 11 corresponding to the x-value 0.605 on
the curve for CIRCLES means that there are 11 drawings with value of
EEX between 0.56 and 0.65. We use density charts also for the other
quality measures.

As Fig. 5 shows, SOFT FENCES gives values of EEX that are lower,
in average, with respect to CIRCLES. A similar behavior, but less
marked, we have for RIGID FENCES. LOOSE FENCES shows only a
marginal improvement on SOFT FENCES. The average EEX values are
0.189 for LOOSE FENCES, 0.196 for SOFT FENCES, 0.364 for CIR-
CLES, and 0.24 for RIGID FENCES. This happens because fixed or
rigid fences do not allow (or only partially allow) the spring embedder
algorithm to disentangle the drawing.

Fig. 6 and 7 shows the density of the values of NDR and ELSD,
respectively. Both figures put in evidence the beneficial effect of hav-
ing fences that are free to move. Again, SOFT FENCES and LOOSE
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Fig. 9. Density of CI2 (coastline indention of region 2). Loose fences

and soft fences have a comparable quality with respect of this mea-
sure. Circles and rigid fences produce, obviously, smoother borders.

FENCES show a very similar behavior.

Figs. 8 and 9 show the density of CI1 and CI2. The plots for CI3

and CI4 are similar to that of CI2. The plots put in evidence that the
satisfactory values of EEX, NDR, and ELSD are obtained at the ex-
pense of larger contour indention. The worst cases are the ones of
CI1 and CI2. This is somehow counter-intuitive since we could expect
higher indention for the most external regions. However, such regions
have typically less nodes. Hence, the contours tend to stretch. Also,
for these measures, it is apparent that LOOSE FENCES performs worse
than SOFT FENCES.

Fig. 10 shows that SOFT FENCES and LOOSE FENCES perform
much better than the other settings in terms of the density variation
between subsequent areas. This is another positive effect of having
fences that can move. For brevity we omit results for DV2 and DV3

that are quite similar.

Overall, we think that SOFT FENCES is a good trade-off between
the quality of the borders and the quality of the graph layout. LOOSE

FENCES offers a small improvement for EEX, NDR, ELSD, and DVV,
while performs worse for CIV, especially for CI1, CI3, and CI4.

We think that the limitations of our approach are basically the same
of conventional spring embedders, which are known to perform poorly
for graphs with high density (ratio between the number of edges and
the number of nodes). However, in our application, the density is quite

730



CORTESE et al.: TOPOGRAPHIC VISUALIZATION OF PREFIX PROPAGATION IN THE INTERNET

 0

 5

 10

 15

 20

 25

 30

 35

 40

 45

-0.1  0  0.1  0.2  0.3  0.4  0.5  0.6  0.7

nu
m

be
r 

of
 in

st
an

ce
s

DV1

loose fences
soft fences
rigid fences

circles

Fig. 10. Density of DV1 (density variation between areas A1 and A2).
A more homogeneous density is shown by loose fences and soft

fences.

Fig. 11. The map of the AS-graph with highest density in the test suite
(Algorithm soft fences).

low. In our experiments density ranges from 0.98 to 1.16 (average is
1.04). The drawing of the AS-graph with the highest density is shown
in Fig. 11.

Three network topographic maps of the same AS-graph produced
for the evaluation are in Fig. 12.

We have done some evaluating interviews with ISP network man-
agers to get subjective evaluative remarks. Namely, we proposed our
prototype to people working with NaMeX [4], the second Internet Ex-
change Point in Italy, grouping 22 large and medium size ISPs. We
asked for comments and feedbacks on the usability of the system, also
compared with the current version of BGPlay. They found interesting
and useful to have the relevance of each AS highlighted. The choice
of the topographic approach has been appreciated, as well as the qual-
ity of the drawings. We collected feedback on minor usability issues
related to interaction that were easy to amend

6 Conclusions

BGPlay [16] is a popular service used by network operators to visual-
ize how an IP prefix propagates through the Internet.This paper starts
from the observation that for an ISP it would be interesting to enrich

the visual information already provided by BGPlay with information
on the hierarchy of the ISPs. For example, for an ISP that is on a low
level of the hierarchy it would be interesting to know if, for reach-
ing the rest of the Internet its prefixes have to “climb the hill” passing
through tier-one players or if it is sufficient, at least for some of them,
to follow paths that are composed by lower level providers. This can
be useful both for operational purposes and for studying the impact in
terms of routing of the peering choices of an operator.

To do that, we introduced a new visualization metaphor, and pre-
sented an algorithm to produce layouts consistent to such metaphor.
Our approach is to represent the graph of the ASes and the Internet
Hierarchy as a topographic map, where the high level ASes, i.e. the
Internet backbone, are placed at the top of the mountain.

This kind of metaphor permits an effective visualization of the rout-
ing paths that highlights the “jumps” they perform from a tier to an-
other of the hierarchy. Further, the topographic map represents a spe-
cial case of clustered drawing and we believe that the techniques pro-
posed in this paper might be successfully applied in different applica-
tive contexts as, for example, to represent social networks on a hier-
archically organized community or procedure calls in the presence of
layered software architectures.

As future lines of research we suggest the following: combine the
current information about Internet routing with information on the
amount of traffic flows from and to the focal ISP; integrate the inter-
domain routing information currently provided by BGPlay with intra-
domain routing; compute AS hierarchies with algorithms alternative
to [30].
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